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REMARKS 

Claims 1-5 are pending in this application, of which claims 1, 4 and 5 have been amended. 
No new claims have been added. 

The references disclosed in the specification are properly included and cited in a 
Supplemental IDS, attached hereto. The specification has been amended on page 1 0 to properly cite 
the reference referred to as "SSDM". A concise English translation of document AF first presented 
in the IDS filed June 4, 2001 is included in this attached Supplemental IDS. 

The Examiner has objected to claim 1 for an informality which has been corrected in the 
aforementioned amendments. 

Claims 1-5 stand rejected under 35 USC §112, first paragraph, for failing to provide a 
disclosure enabling one of ordinary skill in the art to make and/or use the invention. In particular, 
the Examiner urges that claim 1 is non-enabled because it is not clear to the Examiner how "power 
supplied to a load is at least partially collected to said charge recycle power source". The Examiner 
urges that the specification fails to provide an adequate explanation of how this step is being 
performed. 

In response, please refer to Figs. 3-6 and the related description in the specification. 

The power supply to a load is collected by a charge recycle power source, because the power 
source has capacitors which store charges returned fi-om the load. The collection of charge itself 
fi-om a load to a power source is described in JP 8-335873, and the reference cited on page 10, line 
3 of the specification of the instant application. 

However, JP 8-335873 and this reference concern a combination logic circuit, but not a clock 
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signal in a register circuit. Further, those references must use a specific circuit, therefore, they are 
not compatible with a conventional CMOS circuit. Further, they do not show the inequality recited 
in claim 1 of the present invention. 

As compared with the claim 1 of the present application with those references, the present 
invention is directed to decrease power consumption in a clock signal . The present invention can 
also use a conventional register circuit (CMOS circuit), therefore, the present invention is compatible 
with a conventional CMOS circuit, in other words, a conventional CMOS register circuit can operate 
with low power consumption merely by replacing a clock power source to the present clock power 
source. The present invention satisfies the inequality in claim 1, which prevents leak current due to 
the characteristic of gradual charging of adiabatic logic, so that power consumption in a clock signal 
can be decreased even 1/10 as compared with that of a prior art. 

Thus, the 35 USC §1 12, first paragraph, rejection should be withdrawn. 

Claims 1-5 stand rejected under 35 USC §112, second paragraph, as indefinite. 

Accordingly, claims 1 and 4-5 have been amended to correct the noted instances of 
indefiniteness, and the 35 USC §112, second paragraph, rejection should be withdrawn. 

Claims 1-3 and 5 stand rejected under 35 USC § 103(a) as unpatentable over U.S. Patent 
5,994,935 to Ueda et al. (hereinafter " Ueda et aL ") in view of Applicants' Admitted Prior Art 
(hereinafter "APA"). 

Applicants respectfully traverse this rejection. 

Ueda et al, discloses a flip-flop circuit constituted by two latch circuits of the same structure 

that are cascaded. The latch circus each includes an inverter formed of a P channel transistor and 
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an N channel transistor, an N channel transistor connected between a common node and a ground 
node, and two data input/output terminals. Two kinds of clock signals supplied to gates of N 
channel transistors are complementary to each other. 

The Examiner has urged that Ueda et al. does not disclose a charge recycle power source to 
generate the clock signal, but has cited APA on page 10, lines 1-3 for teaching that "it is well-known 
that waveform generator 30 ... can be used to generate the power clock signal in which power 
supplied to a load is partially collected and returned to the charge recycle power source, and the 
inequality (I I + |Vtp| ^ VDD) is satisfied." 

Applicants respectfully disagree. The portion of the specification referred to by the Examiner 
as APA does not, in fact, discuses prior art. This passage instead discloses the present invention. 

Thus, the 35 USC § 103(a) rejection should be withdrawn. 

In view of the aforementioned amendments and accompanying remarks, claims 1-5, as 
amended, are in condition for allowance, which action, at an early date, is requested. 

Attached hereto is a marked-up version of the changes made to the specification and claims 
by the current amendment. The attached page is captioned " Version with markings to show 
changes made ." 

If, for any reason, it is felt that this appUcation is not now in condition for allowance, the 
Examiner is requested to contact Applicants undersigned attomey at the telephone number indicated 
below to arrange for an interview to expedite the disposition of this case. 

In the event that this paper is not timely filed. Applicants respectfully petition for an 
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appropriate extension of time. Please charge any fees for such an extension of time and any other 
fees which may be due with respect to this paper, to Deposit Account No. 01-2340. 

Respectfully submitted, 
ARMSTRONG, WESTERMAN & HATTORI, LLP 

William L. Brooks 
Attorney for Applicant 
Reg. No. 34,129 

WLB/mla 

Atty. Docket No. 010704 lllillil ||| |||||||||||| 

Suite 1000, 1725 K Street, N.W. lllllllliMIMilllllll 

Washington, D.C. 20006 23850 

(202) 659-2930 PATENT TRADEMARK OFFICE 



Enclosures: Version with markings to show changes made 
Substitute Abstract of the Disclosure 
Substitute Specification 
Marked-up Specification 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 09/871,810 



IN THE ABSTRACT ; 

Amend the Abstract as follows: 

An adiabatic charging register circuit [comprising] including a plurality of n-channel 
MOSFET's and a pliirality of p-channel MOSFET's, is operated by a clock signal which has a 
gradually rising and a gradually falling waveform generated by using a charge recycle power 
source in which charge supplied to a load is at least partially collected to said charge recycle 
power source, and following inequality is satisfied; 

I I + I Vt^p I ^ VDD 

where V^n is threshold of an n-channel MOSFET, V^p is threshold of a p-channel MOSFET, and 
VDD is output voltage of said charge recycle power source. 

[(Fig.4)] 



IN THE CLAIMS: 

Please amend claims 1, 4 and 5 as follows: 
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1. (Amended) A register circuit having a plurality of n-channel MOSFET transistors and 
a plurality of p-channel MOSFET transistors, accepting an input data, and a clock signal, and 
providing an output data, 

said clock signal being a power clock signal having a [gradually] rising and gradually 
falling waveform generated by using a charge recycle power source in which power supplied to a 
load is at least partially collected and returned to said charge recycle power source, and 

the following inequality is satisfied[;]i 

|VtnI + |Vtp| ^ VDD 

[here] where Yj^ is a threshold of said n-channel MOSFET transistor, Vjp is a threshold 
of said p-channel MOSFET, and VDD is m output voltage of said charge recycle power source. 

4. (Amended) A register circuit according to claim [1] 2, wherein said register circuit 
includes a combination logic circuit between said pair of D-latch circuits. 

5. (Amended) A register circuit according to claim [1] 2, wherein said D-latch circuit 
comprises a memory element having a first inverter providing an output of the D-latch circuit, a 
second inverter with an input coupled with an output of said first inverter, and a first 
transmission gate connecting an output of the second inverter to an input of the first inverter, and 
a second transmission gate inserted between an input terminal and an input of said first inverter. 
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p ^^Trg pnimn OF THEL_TNVF . NTION % 

Tht 'l^iv^nJidn ^ to an adiabatic char%ig/^ v 

register circuit": in particular, relates to such a circuit whf^^^ «^ 
reduces, power c^nsumptipn - a cloclc pulse. 

register circuits, f if ty (thousandsj-^FllBre circuits. Each 
register circuit comprises a D-flip flop (D-FF) or D-latch 
circuit. A register circuit having a D-FF or D-latch is 

exemplified here. 

First, a register circuit having a D-FF is described. 
A D-FF has a pair of D-latch circuits. Fig. 17 shows an 
example of a D-latch circul^t. (page S77 /structuref of^Design of 
a&o™putef@ater^^iliinese^puhl.shed^^^^ 
A D- latch Circuit 70 in Fig. 17 has a pai-r' or NOR circuits 71 
and 72 which are cross-connected to each other constituting a 
RS-FF (reset-set-fllp-flop). and a pair of AND circuits 73 and 
74. It has data input terminals D , DN in differential form, a 
Clock input terminal CK. and data output terminals Q, QN In 
differential form. Each of NOR circuits 71 and 72 operates as 
an inverter when one of the inputs of the same is In low state, 
and therefore, a D-latch circuit 70 in Fig.l7 operates as 
follows . 

(1) A pair of NOR circuits 71, 72 keep a previous state 
when a clock input terminal CK is in low state. 

(2) A value of a data input terminal D is stored in a paxr 
of NOR Circuits 71, 72 when a clock input terminal CK is in high 



State 



A D-FF circuit 80 is constituted by using a pair of D- 
latch Circuits 70 as shown in Fig. 18. in which a first stage 
D-latch Circuit 70A receives a clock input CK as it is, and a 



second stage D-latch circuit 70B receives a clock signal which 
is inversion by 180° of the clock input CK by an inverter 90. 
A D-FF circuit operates as follows. 
k (1) When a clock input CK becomes (tc^ high state, the first 

stage D-latch circuit 70A opens to accept a data D at an input 
terminal, 

A (2) When a clock input CK becomes ftbVlow state, the second 

stage D-latch circuit 70B opens and an input terminal D accepts 
an output Ol on an output terminal Q of the first stage D-latch 
70A, as an input signal D. 

Fig. 19 shows operational wave forms of a data D. a clock 
input CK, an output 01 of the first stage D-latch circuit 70A, 
and an output 02 of the second stage D-latch circuit 70B. As 
shown in Fig. 19, the output 02 is switched by an input data when 
a Clock input CK is switched from high state to low state, thus, 
it is an edge trigger type circuit. 
A conventionally, a clock signal CK is generated by using 

an inverter having a CMOS circuit which has a p-channel MOSFET 
and an n-channel MOSFET connected in series ftojsich other, and 
has rectangular wave form. A load coupled with an output of a 
clock signal generator is charged to power supply voltage VDD 
through p-channel MOSFET of an inverter when an output signal 
is in high state, and is discharged to ground through n-channel 
MOSFET of an inverter when an output signal is inflow state. 
Therefore, the power consumption P by a clock signal is P = CV^f . 
where f is'^lock frequency. V is^'^ower supply voltage, and C 
istum of capacitance of wires and gate capacitance which accept 



a clock signal . ^. 
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The capacitance of wires is iatelyjlarge because of increase 
of semiconductor chip area of an integrated circuit reflecting 



a large scale Integrates circuit, and therefore, power 
consumption by charga/alsoharge of a clocK signal occupies 
almost 50% of the total pCwer consumption of a semiconductor 
Chip (page 90. Technical Report offlcw power] LSI. Nikkei 

Micro-device, NlkkelBP). 

Further, a large number of register circuits are used for 
a pipeline processing In an LSI for processing moving image, 
and a RISC.processor. In those devices, it is also known that 
power consumption by a clock system is almost the same as that 
by a logic system (page 6 . Low power and high speed LSI technology. 
Realize Co. ) . That relation Is independent from operation speed, 
but depends upoi^ratio occupied by a register circuit in an LSI. 

f;.ffl M^pv OF THB T NVflNTIOM 

It IS an object, therefore, of the present invention to 
provide a new and Improved register circuit by overcoming the 
alsadvantages and limitations of a prior register circuit. 

It is also an object of the present Invention to provide 
a register circuit which consumes less power In a clock system. 

It IS further an object of the present Invention to provide 
a register circuit in which no short-circuit current from a 
power source to ground directly flows. 

The above and other objects are attained by an adlabatrc 
register circuit comprising; a plurality of n-channel MOSFET 
transistors and a plurality of p-channel MOSFET transistors, 
accepting an input data, and a clock signal, and providing an 
output data, said clock signal being a power clock signal having 
a gradually rising and gradually falling waveform generated by 
using a charge recycle power source in which power supplied to 
a load IS at least partially collected « said charge recycle 



power source; and 

following inequality is satisfied; 



+1 V„ I ^ VDD 



where is threshold of said n-channel MOSFET transistor. V„ 
is threshold of said p-channel MOSFET. and VDD is output voltage 
of said charge recycle power source. 

[preferabiarfeS'^egister circuit comprises a pair of 
D-latch circuits with an input of a second D-latch circuit 
coupled with an output of a first D-latch circuit, a first 
D-latch circuit accepts a first power clock signal, and a second 
D-latch circuit accepts a second power clock signal which is 
different by 180" of the first power clock signal. 

Preferably, said D-latch circuit comprises a pair of NOR 
circuits with one of the inputs of each NOR circuit being coupled 
with an output of the other NOR circuit, and a pair of AND 
circuits each accepting an input data in differential form and 
a power clock signal, and providing an output to the other input 
of each of said NOR circuit. 

Preferably, said register circuit includes a combination 
logic circuit between said pair of D-latch circuits. 

Preferably, said D-latch circuit comprises a memory element 
having a first inverter providing an output of the D-latch 
circuit, a second inverter with an input coupled with an output 
of said first inverter, and a first transmission gate connecting 
an output of the second inverter to an input of the first inverter, 
and a second transmission gate inserted between an input 
terminal and an input of said first inverter. 

RPTF.F nES ^ RTPT'TON OF THF . DRAWINGS 

The foregoing and other objects, features, and attendant 



advantages of the present invention will be appreciated as the 
same become better understood by means of the following 
description and drawings wherein; 

Fig.l is a block diagram of a D-FF circuit according to 

the present invention, 

Fig.2A is a circuit diagram of a D-latch circuit used in 

the D-FF circuit in Fig.l, 

Fig.2B shows a transistor circuit of a D-latch circuit in 

Fig. 2A, 

Fig.ZC shows operation of a conventional CMOS inverter. 
Fig. 3 is a circuit diagram of a gradually rising and 
gradually falling waveform generator. 

Fig . 4 shows waveforms of a power clock used in a D-FF circuit 

in Fig.l, 

Fig. 5 shows waveforms of another power clock used in a D-FF 

circuit in Fig.l, 

Fig. 6 shows waveforms of still another power clock used 

in a D-FF circuit in Fig.l, 

Fig. 7 shows operational waveforms of a D-FF circuit in 

Fig.l, 

Fig. 8 shows simulation result of a D-FF circuit using a 
conventional rectangular clock. 

Fig. 9 shows simulation result of a D-FF circuit using the 

present power clock. 

Fig. 10 is a block diagram of a logic system having an 
alternate arrangement of a D-FF circuit in Fig.l and a logic 
circuit , 

Fig. 11 is a block diagram of another logic system having 
an alternate arrangement of a D-latch circuit in Fig.l and a 
logic circuit. 
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Fig. 12 is a modification of Fig. 11, and shows a pair of 
D-latch circuits coupled directly with no logic circuit between 
them. 

Fig. 13 shows operational waveforms of a circuit of Fig. 12, 
Fig. 14 is another embodiment of a D-latch circuit using 

a transmission gate. 

Fig. 15 shows waveforms of a power clock used in a circuit 

of Fig- 14. 

Fig. 16 shows the effect of the present invention. 
Fig- 17 is a prior D-latch circuit. 
Fig. 18 is a prior D-FF circuit, and 

Fig. 19 shows operational waveforms of a D-FF circuit in 
Fig. 18- 

nKRnRIPTTnN OF T HT^ PPF.FEHRKD EMBODIMENTS 

According to the present invention, a clock signal is a 
charge recycle type power clock generated by using a charge 
recycle power source, and having a gradually rising and 
gradually falling waveform, while a conventional clock signal 
use a rectangular clock signal. A register circuit using such 
a power clock signal has the advantage that power consumption 
in a clock system is considerably reduced as compared with that 
of a prior art. for instance, it is reduced to 1/10 of that of 
a prior art. Further, when an n-channel MOSFET and a p-channel 
MOSFET which constitute a register circuit satisfy the 
following condition, no short-circuit current from a power 
source to ground is allowed; 

I V,J H V„ I ^ VDD 
where V,, is threshold of an n-channel MOSFET. V„ is threshold 
of a p-channel MOSFET, VDD is output voltage of a power source. 



a. 



(First Embodiment) 

Fig.l is a block diagram of a D-FF circuit 20 which is a 
first embodiment of the present invention. The D-FF circuit 20 
comprises a first stage D-latch circuit lOA. and a second stage 
D-latch circuit lOB. Each of the D-latch circuits lOA and lOB 
is shown in Fig.2A by the reference numeral 10, which comprises 
a pair of NOR gates 11 and 12 conforming an RS-FF. and a pair 
of AND gates 13 and 14. 

The circuit of Fig.2A is implemented by a CMOS including 
a p-channel MOSFET and an n-channel MOSFET. as shown in Fig.2B. 
in which an AND circuit ahd a NOR circuit are implemented by 
three p-channel MOSFET ■ s and three n-channel MOSFET 'gj shown 
in the figure. Thus, the structure of Fig . 2A is implemented by 
using two sets of a circuit of Fig.2B. 

Now. a short-circuit current flowing from a power source 
VDD to ground directly in a CMOS circuit is analyzed in 
accordance with Fig.2C. In an inverter having a series circuit 
of a p-channel MOSFET and an n-channel MOSFET between a power 

source VDD and a ground, a short-circuit current from a power 

o 

source VDD to ground flows during^ransient time of an input 
signal. As a power clock rises and f'alls slowly, a short-circuit 
current durini^:ransient time would be flargeri^haB that of \a|l 
prior art whic^ uses a (prior] rectangular clo^k. The upper 
portion of Fig-2C shows the relation between an input voltage 
IN and an output voltage OUT, and the lower portion of Fig.2C 
shows the relation between an input voltage IN and a short- 
circuit current. The maximum, short-circuit current Imax isll 
imax = (/3„ /2){(VDD - 1 V,J - 1 V„ 1 ) / ( 1+ JKJJJ ) )" 
VDD > I Vtn I + I Vtp 1 
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Imax = 0 

VDD ^ I I + I Vtp I 
where /3„ = ^i„Cox(W/L) 
fx„ is mobility 

W is channel width of a MOSFET 
L is channel length of a MOSFET 
Cox is oxide capacitance per unit area 
Therefore, a short-circuit current from a power source to ground 
is zero, even if a gradually rising and gradually falling power 
clock is used, when VDD ^ | V, J + | V„ | is satisfied. 

According to the present invention, a threshold value V^^ 
of an n-channel MOSFET and a threshold value V„ of a p-channel 
MOSFET is designed high so that the following inequality is 
satisfied; 

I 1 H- 1 Vtp I ^ VDD 
where is a threshold of an n-channel MOSFET used in NOR gates 
11 and 12. and AND gates 13 and 14. V„ is a threshold of a 
p-channel MOSFET used in NOR gates 11 and 12, and AND gates 13 
and 14, and VDD is power source voltage. That condition allows 
no short-circuit current from a power source to ground of a logic 
gate in a D-latch circuit 10. 

Further, according to the present invention, a clock input 
terminal PCK of a first stage D-latch circuit lOA in a D-FF 20 
receives a first power clock PCKl which is generated by a charge 
recycle type power source, and hasH^ave-f orm which rises and 
falls slowly or gradually, and a clock input terminal PCK of 
a second stage D-latch circuit lOB in a D-FF 20 receives a second 
power clock PCK2 which (hasjdifferenf ;jphase by 180° of that of 
the first power clock PCKl. 

The power clocks PCKl and PCK2 may be generated by using 



a graduall/rxsing and gradually falling waveform generator 30 
constituteld by a switched capa^^^^^^^^ as shown in Fig. 3 

(*e*^(sSDMj|^^'if^r an LC resorfan circuit (not shown). 
In Fig. 3. TO - T4. TO' - T4 ' are a transmission gate. CI - C3 
are a capacitor. A gradually rising and gradually falling 
waveform generator 30 provides a pair of power clocks PCKl and 
PCK2^^ing a gradually rising and gradually falling waveform 
by conducting a pair of transmission gates sequentially in the 

following sequence. 

(TO. TO') (Tl.Tl-) ^ (T2.T2') (T3.T3') (T4.T4') 

(T3.T3') - (T2.T2') (Tl.Tl') (TO. TO') -* (Tl.Tl') ^ 

Assuming that VDD=1V. 1 V, J = 1 V.. | = 0.7V. the operation 
of the first stage D-latch circuit lOA and the second stage 
D- latch circuit lOB is shown in Fig. 4. When the amplitude of 
the power clocks PCKl and PCK2 isfhigherjihan 0.7V. the D-latch 
Circuit lOA or lOB accepts an input data, and keeps the previous 
status When the amplitude of the power clocks PCKl and PCK2 is 
iowerrthan 0.7V. 

" Figs. 5 and 6 show wave-forms of power clocks PCKl and PCK2 
having different duty iratio from each othe^~ 

in those figures, the period T,, shows the time from data 
input to data outut in a D-FF circuit 20. and the period 
Tcombination shows the allowable delay time allowed to a 
combination logic circuit coupled with an output or an input 

of a D-FF circuit 20. 

A D-FF circuit driven by power clocks PCKl and PCK2 is called 
an adiabatic charging D-FF circuit . Qinc^jfb^i^ii^consumption of 
power Clocks kreifet consumed but gr^^eturned to a power supply. 
The adiabatic charging D-FF circuit has the following features. 
(1) It has cross-wired NOR gates in static operation which 



is stable as compared with dynamic operation. Static operation 
has an output equal to VDD or 0, while dynamic operation has 
not only an output of VDD or 0, but also an open output which 

is not VDD nor 0. 

(2) No data goes directly from input to output of a D- 
FF circuit, fsincetf first stage D-latch lOA and a second stage 
D-latch lOB do not take data simultaneously. 

(3) Both D-latch circuits lOA and lOB have a period of 
storage mode simultaneously. In that case, each D-latch circuit 
lOA and lOB stores data independently. 

(4) The time T„ is larger than T,r of a prior D-FF circuit. 

(5) The power consumption is less than 1/10 of that using 
a conventional rectangular clock signal. \s±nc2f^^^v7^r clocks 

PCKl and PCK2 are used. ^ I 

(6) It is compatible with a prior' D-FF. In other words, 
a conventional D-FF circuit constituted by a CMOS circuit using 
a rectangular clock signal can be substituted with an adiabatic 
charging D-FF circuit using a charge recycle type power source. 

Fig. 7 shows the operation of an adiabatic charging D-FF 
circuit of Fig.l. It is noted that an input data D is taken when 
a power clock PCKl changes from high to low. and the data thus 
taken is kept for a period of the PCK2 (see an output wave form 
02). 

Figs. 8 and 9 show the simulation result using a simulation 
software HSPICE. Fig. 8 shows the result of a conventional D-FF 
80 in Fig. 18 when a conventional rectangular clock CK is used, 
and Fig. 9 shows the result of the present D-FF 20 in Fig.l when 
the present power clocks PCKl and PCK2 are used. The power clock 
PCK2 is not shown ^incel^t^ts the same as PCKl but different 
phase by 180° pte^ - In' the simulation, it is assumed that the 
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gate length of an n-channel MOSFET and a P-channel MOSFET is 
0.25 Um. the gate width of a p-channel MOSFET is 9 P.m. the gate 
width of an n-channel MOSFET is 6 Um. the threshold is | | = 
|Vtp| = 0.3V. the power supply voltage is VDD=0.5 V, and the 
period of a clock signal (PCKl, PCK2 . CK) is 100 nS (f=10 MHz). 

The simulation result shows that outputs of a D-FF circuit 
when PCKl and PCK2 are used are the same as those when a 
conventional clock CK is used. 

The power consumption by a D-FF circuit with a constant 
power supply voltage is 320 nW in both a conventional D-FF 
circuit using a CMOS, and the present adiabatic charging type 
D-FF circuit. No increase in power consumption by a short- 
circuit current occurs as no short-circuit current flows. The 
power consumption by a conventional rectangular clock signal 
CK is 310 nW, while the power consumption by the present power 
clock signals PCKl and PCK2 is only 23 nW. Thus, jthej power 
consumption by the adiabatic power clock signals is less than 
1/10 loflthat of a conventional clock signal. 

Fig". 10 shows a logic system having^ alternate arrangement 
of a D-FF circuit 20A through 20C of the D-FF circuit 20 in Fig. 1 . 
and combination logic circuit 40A through 40C. It should be 
noted that the process time in a logic circuit 40A through 40C 
is less than said Tcombinat ion . 

(Second embodiment) 

Fia.ll showslthelr^econd embodiment according to the present 
invention. The feature of Fig. 11 is an alternate arrangement 
of a D-latch circuit lOA through lOD of the D-latch circuit in 
Fig. 2 and a combination logic circuit 40A through 40D. No 
concept of the time T,, exists in this embodiment, and the 
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allowable delay time allowed to each combination logic circuit 
40A through 40D is the same as the allowed time between latch 
circuits using a conventional rectangular clock signal. 

Fig. 12 is a modification of Fig. 11. In Fig. 12. a pair of 
D-latch circuits lOA and lOB are coupled directly together with 
no combination logic circuit between the D-latch circuits, and 
the operational wave forms of Fig. 12 are shown in Fig. 13, which 
risl-fflmost the same as those of Fig . 7 which shows the operation 
'of'kg.l. except that an input data I is slightly modified so 
that an input data I changes from high to low at time tl when 
a power clock PCKl is higher thari^^hreshold value .the wave form 
of the input signal I appears in an output Ol. 

(Third embodiment) ^ 

Fia 14 shows the\ third embodiment according to the present 
invention. In this embodiment, a latch circuit is comprised of 
a memory circuit having a pair of inverters 60A and 60B. and 
a transmission gate 503. and another transmission gate 50A 
connected to an input side of the transmission gate 50B. Four 
power clocks PCKl, PCK2. PCK3 and PCK4 are used. PCKl and PCK2 
are applied to the transmission gate 50A. and have the opposite 
relations with each other. PCK3 and PCK4 are applied to the 
transmission gate SOB. and have the opposite relations with each 
other. PCKl and PCK2 are shifted by 180° from PCK3 and PCK4 . 
respectively. 

Fig. 15 shows wave forms of power clocks PCKl through PCK4 . 

(Consideration of a D-latch circuit) 

Two kinds of D-latch circuits are possible, one is an RS-FF 
type as shown in Fig. 2. and the other is a transmission gate 
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type as shown in Fig. 14. 
i' An RS-FF type takes static operation for input and storage 

of a data, and operates correctly even for slow speed operation. 
On the other hand, a transmission gate type circuit operates 
dynamically, and is not suitable rtc^-yfery slow speed operation, 
^fi As for a number of transistors which receive a clock signal, 

an RS-FF type circuit has four transistors (two transistors in 
each AND gate) . and a transmission gate type circuit has six 
transistors (each transmission gate has two transistors and two 
transistors are used for inverting a clock signal. There are 
two transmission gates 50A and SOB, thus, six transistors are 
required). Thus, an RS-FF type circuit requires [lessJnumHer of 
transistors as far as a clock signal concerns, although an RS-FF 
type circuit requireslmorelnumber of t ran sis tor si in total.?than 
a transmission gate type circuit, and ^^theref ore , power 
consumption in an RS-FF type is smaller (C.Svensson and D.Liu, 
Low Power Design Methodologies, eds . J.M.Rabaey and M.Pedram 



(Kluwer Academic Publisheres . 199^^hap.3, page 37). 

The choice of an RS-FF type circuit or a transmission gate 
type circuit as a adiabatic charging reversible logic circuit 
should be designed base upon an object of a circuit, considering 
above analysis. 

(The use in sub- threshold region) 

In a specific condition, the current adiabatic charging 
register circuit can [operatesrifi'~weak inversion region with 
power supply voltage "lower than threshold voltage (sub- 
threshold region; | V„ | > VDD and |V^J > VDD) , like a prior CMOS 
circuit. It can be applied to slow speed operation LSI in 
sub-threshold region such as an environment sensor, or a living 
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body sensor. 

A "1 

({Effect of the invention )| 

As described above, according to an adiabatic charging 
register circuit of the present invention, power consumption 
consumed in a clock system is reduced approximately 1/10 of that 
of a conventional CMOS register circuit (Fig. 16). Fig. 16 shows 
that the power consumption by a clock signal and the power 
consumption of a logic circuit in j^^j^ior art are almost the 
same as each other, on the other hand, the power consumption 
by a clock signal in the present invention is only 1/10 of that 
of raVfrior art. Therefore, although the power consumption by 
a logic circuit in the present invention is the same as that 
offa'^prior art. the total power consumption including a clock 
system and a logic circuit in the present invention is 
considerably Qmallej^;^han that of [aj prior art. 

Further, the present adiabatic charging register circuit 
is compatible with a conventional CMOS type register circuit. 
It is enough only to substitute an adiabatic charging type 
register circuit with a conventional CMOS type register circuit . 
Thus, the design of a circuit is quite simple. 

From the foregoing, it should be appreciated that a new 
and improved adiabatic charging type register circuit has been 
found. It should be understood of course that the embodiments 
disclosed are merely illustrative and are not intended to limit 
the scope of the invention. Reference should be made to the 
appended claims, therefore, to indicate the scope of the 
invention. 
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